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In low-income countries some infections caused by nontuberculous mycobacteria are misdiagnosed as
multidrug-resistant tuberculosis. In most of these settings the observation of microscopic cords is the only
technique used to identify Mycobacterium tuberculosis in the laboratory. In this article we definitively demon-
strate that Mycobacterium abscessus, an emerging pulmonary pathogen, also forms microscopic cords.

Mycobacterium tuberculosis complex (MTC) species, when
grown in a liquid medium without detergent, form cords in
tight bundles, consisting of bacilli aligned in parallel, end to
end, and side to side, along the long axis of the cord (see
reference 6 for a recent review). M. tuberculosis microscopic
cords were first observed by Robert Koch in 1882, but their
significance increased in 1947, when studies performed by
Middlebrook et al. linked this phenotypic characteristic to the
virulence of MTC organisms (16). From these pioneering stud-
ies to now, cord morphology has been considered to be a
distinctive feature of the MTC, and its detection, in smears
from liquid cultures, is a reliable criterion for the rapid pre-
sumptive identification of MTC isolates in many laboratories
around the world (6, 12, 14, 20, 23). The first demonstration
that cord formation could occur in other mycobacterial species
was in 2008, when microscopic cords in a human clinical isolate
of Mycobacterium marinum were described (21).

In 2010 we demonstrated that M. marinum produced true
cords (bacilli arranged in parallel along the long axis of the
cord) and not clumps (aggregates of bacilli in a random ori-
entation), obtaining the first scanning electron microscopy
(SEM) images of the mycobacterial cord ultrastructure (11). In
the same work we demonstrated that the phenomenon of cord-
ing was also present in rough variants of other nontuberculous
mycobacteria (NTM) such as Mycobacterium vaccae, Myco-
bacterium gilvum, Mycobacterium obuense, Mycobacterium
chubuense, and Mycobacterium parafortuitum (11).

The study of the cording phenomenon by SEM aims to
eliminate any doubt regarding the ability of NTM to form
cords. This is necessary because the use of cording as a crite-
rion for the identification of MTC isolates from clinical cul-
tures has been adopted as a standard methodology by clinical
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microbiologists. As a result of this bias, when cordlike mor-
phology is observed for NTM, these structures have been char-
acterized as clumps, pseudocords, or loose aggregates (7, 14,
20). The resolution of the optical microscope does not allow
the accurate visualization of the organization of the bacilli in
these aggregates; thus, the idea that NTM cannot form true
cords has persisted to the present time.

Mycobacterium abscessus is one of the most pathogenic and
chemotherapy-resistant rapid-growing mycobacteria (15, 17).
This mycobacterium has been reported to account for 10% of
NTM lung infections in the United States and is the second
most common cause of NTM lung disease in South Korea (13).
M. abscessus causes lung disease in patients with underlying
lung disorders but also in immunocompetent individuals. In
addition to lung infections, this bacterium can also cause skin
and soft tissue infections, meningitis, and disseminated infec-
tions (15, 17). The objective of this work was to use SEM to
determine whether M. abscessus can also form true cords.

We have performed SEM studies of M. abscessus 390R,
390S, and 390V and the type strain of M. abscessus, DSMZ
44196". Mycobacterium bovis strain BCG Japan has been in-
cluded for comparison as a member of the MTC. M. abscessus
strain 390R was isolated in a pure culture from an ileal gran-
uloma of a patient with Crohn’s disease. This strain displays
rough colonies on 7H11 agar and was reported previously to
form microscopic cords by optical microscopy methods (9).
Strain 390S forms smooth colonies, does not produce cords as
assessed by optical microscopy, and is a spontaneous mutant of
strain 390R isolated in vitro. In a previous work, both strains
were identified as being M. abscessus by biochemical and ge-
netic analyses (3). In addition to forming nonpigmented colo-
nies and having a rapid growth rate, results of biochemical
analyses showed both these variants to be M. abscessus (nitrate
reduction negative, positive for growth in 5% NaCl, iron up-
take negative, citrate negative, inositol negative, and mannitol
negative). Restriction enzyme analysis was performed after
PCR amplification of a portion of the gene encoding the 65-
kDa heat shock protein. By using the restriction endonucleases
BstEII and Haelll, both isolates were found to be identical to
the M. abscessus control strain (3). Strain 390V was a sponta-
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FIG. 1. Representative micrographs of SEM at medium (left) and high (middle)
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magnifications and photographs of Ziehl-Neelsen stains

(right). Bar sizes, 7.5 pm (left), 1.9 wm (middle), and 20 wm (right). (A) M. abscessus 390R; (B) M. bovis BCG Japan; (C) M. abscessus 390V;

(D) M. abscessus 390S; (E) M. abscessus DMSZ 44196™.

neous rough revertant obtained during serial passages of 390S,
which regained the rough-colony phenotype and the capacity
to form cords, as assessed by optical microscopy (9). It was
found that the smooth phenotype is due to the expression of
glycopeptidolipid (GPL), which is minimally expressed by
rough variants. Strains 390R and 390V are both able to repli-
cate in human macrophages and persist in the lungs of mice,
while strain 390S lacks these capabilities (9).

For all the strains studied, one isolated colony was inocu-
lated into Trypticase soy broth (TSB) (Scharlau Chemie,
Spain), and the cultures were incubated (without shaking) for
2 weeks. The cells were obtained from uncentrifuged TSB
cultures by gently removing the liquid medium; that is, liquid

medium was removed with a Pasteur pipette, and cells were
allowed to settle to the bottom of the tube. For fixation, cells
were immersed in 2.5% (vol/vol) glutaraldehyde (electron mi-
croscopy [EM] grade; Merck, Darmstadt, Germany) in 0.1 M
phosphate buffer at pH 7.4 (PB; Sigma, Steinheim, Germany)
for 2 h. The samples were then processed according to conven-
tional electron microscopy methods as previously described (11).
Bacilli were observed with an S-570 scanning electron microscope
(Hitachi Ltd., Japan) at an accelerating voltage of 30 kV.

It is clearly shown in Fig. 1 that strain 390R forms true cords
very similar to those formed by M. bovis. At a high magnifica-
tion (also see Fig. S1 in the supplemental material), we ob-
served the arrangement of the bacilli in the cord end to end
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and side to side in parallel along the long axis of the cord. We
can also appreciate in Fig. 1 and in Fig. S2 in the supplemental
material that strain 390V showed cords similar to those of
strain 390R and M. bovis strains. On the contrary, the strains
that made smooth colonies, 390S and DSMZ 44196", did not
form cords. Representative images of the Ziehl-Neelsen stains
are also shown in Fig. 1. We conclude that M. abscessus forms
true cords but that cord formation is restricted to strains form-
ing rough colonies on solid medium.

Recent clinical reports found an association of the rough-
colony phenotype with invasive infection in patients with cystic
fibrosis (4, 10, 19). This association is supported by recent basic
science studies that have found that in contrast to the smooth
phenotype, the rough phenotype is immunostimulatory and
able to replicate in human macrophages (18). It would be of
interest to determine whether cord formation is a general
characteristic of M. abscessus rough variants.

The results obtained in this study and previous studies (11,
21) demonstrate that cord formation is not specific to members
of the MTC and by itself cannot identify an isolate as belonging
to that complex.

Two misconceptions in the area of clinical microbiology are
that only MTC organisms form microscopic cords and that the
incidence of NTM is extremely low in developing countries
characterized by a high burden of M. fuberculosis infection (8,
22). It is possible that these two misconceptions have led to
misdiagnoses of multidrug-resistant tuberculosis (TB) in low-
income countries where the microbiological diagnosis of TB is
based only on the observation of cording morphology (5, 6, 22,
23). In support of this, recent studies reported much higher
rates of isolation of NTM in Africa when rigorous mycobacte-
rial identification techniques were applied (1, 2, 5, 8, 22). Thus,
our report demonstrates that laboratories that base the micro-
biological identification of members of the MTC solely on the
observation of microscopic cords may mistakenly identify M.
abscessus isolates as belonging to the MTC. Since M. abscessus
is not sensitive to drugs used to treat TB, a lack of a clinical
response to therapy could lead to the erroneous conclusion
that a patient is infected with multidrug-resistant TB. As a
result, the patient would be exposed to an ineffective drug
regimen with many adverse side effects.

This work was supported by Catalan AGAUR (2009SGR 00108).
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